Abstract.-The b-type cytochromes of chloroplasts have heretofore been viewed as photosynthetic electron carriers that probably occupy an intermediate position in a light-induced electron flow. The oxidation-reduction of such intermediate electron carriers, being removed from the primary photochemical reaction linked to photon capture by chlorophyll, would be expected to show a temperature dependence. Evidence has now been obtained that cytochrome b559 is photooxidized at -189'C and that this photooxidation can be induced only by "short-wavelength" monochromatic light which activates the oxygen-evolving system in chloroplasts (photosystem II). In appears, therefore, that photooxidation of cytochrome b559 is closely linked with photon capture by the chlorophyll pigments characteristic of photosystem II.
confirmed in several laboratories.5-7 Cytochrome b559 may prove to be identical with cytochrome b3, described by Hill and Scarisbrick' and known to be present in nonphotosynthetic cells.
The main feat of photosynthesis-the transformation of light energy into chemical energy-begins with the absorption of photons by chlorophyll and gives rise to electron transport that flows "uphill," against the thermodynamic gradient.8 Coupled to this light-induced electron flow are chemical reactions in which energy is liberated and trapped in biochemically useful forms.8 9 Among the cellular electron carriers involved in the light-induced electron flow are cytochromes. Light-induced oxidation of cytochrome f has been demonstrated in intact algal cells,0' 11 in leaves,'0' 12 in leaf homogenates,'0 and in isolated chloroplasts. '2-14 Of special interest are the findings that a light-induced oxidation of cytochrome f in chloroplasts takes place at and below -150°12, 13 (for bacterial systems, cf. ref. 15 ). These observations suggest that no thermochemical events intervene between the oxidation of cytochrome f in chloroplasts and the photon absorption act by chlorophyll.
No such photooxidation at low temperature has been reported for cytochromes of the b-type. However, light-induced changes of cytochrome b6 in chloroplasts have been observed at room temperature. 14t 1618 Cramer and Butler7 have also reported light-induced changes, at room temperature, in cytochrome b559.
The lack of evidence for temperature-independent reactivity of b-type cytochromes has heretofore removed them from consideration as participants in the primary light reactions of photosynthesis and limited their role to electron transport in the secondary, purely chemical reactions in chloroplasts. Thus, based on the marked sensitivity of ferredoxin-catalyzed cyclic photophosphorylation to inhibition by antimycin A'9' 20-an inhibitor known21' 22 to impede electron transport between cytochromes b and c-cytochrome b6 has been included as an electron carrier in this process.
As for cytochrome b559, its role has remained unclear. Bendall' with chloroplasts isolated from romaine lettuce and Amaranthus leaves. At the low temperature, the light-induced spectral changes were not reversed in the dark. The absorption spectrum in Figure 1 is in good agreement with the difference spectra (oxidized minus reduced) obtained by chemical means5 ' 32 at liquid nitrogen temperatures for cytochromes b559 and f. At low temperatures the a absorption peak of cytochrome f is split into two absorption maxima at 548 and 552 mul and the a absorption peak of cytochrome b559 is shifted slightly to the violet end of the spectrum.5' 12, 32 As expected, there were no absorption changes with a maximum at 561 mu that is diagnostic of the a band of cytochrome b6 at low temperature.4 Cytochrome b6 is auto-oxidizable3 5 32 and would already be in a completely oxidized state in the isolated chloroplasts prior to illumination. Figure 2 shows the time course of photooxidation of cytochrome b559 at -189°i n chloroplasts illuminated by 664 mu light. There was a rapid decrease in absorbance at 557 mju (with 568 m1A as reference)-two wavelengths at which changes in absorption due to photooxidation of cytochrome f are minimal. If the decrease in absorbance at 557 m~t is indeed due to a photooxidation of cytochrome b559, then it should not occur when this cytochrome is already in an oxidized state-a condition that is readily brought about by pretreatment of chloroplasts with ferricyanide at room temperature in the dark.5' 6 Figure 3 shows that chloroplasts treated with 5 mM potassium ferricyanide prior to freezing no longer gave the marked light-induced absorption change at 557 ma at -189°. Figure 2 also shows that illuminating chloroplasts by 714 mu light was almost wholly ineffective in photooxidizing cytochrome b559. The contrast between the effectiveness of 664 m1A and the ineffectiveness of 714 mu illumination in photooxidizing cytochrome b559 might be taken as evidence that this cytochrome is involved in photosystem II, which is activated solely by the shorter wavelength illumination.n However, such contrasting effects of red and far-red light are not specific at low temperature. At -1890, far-red light was also ineffective in photooxidizing cytochrome f, although it is very effective at room temperature.12' 14 Other evidence was therefore sought for the involvement of cytochrome b559 in photosystem II. PHOTOOXIDATION 
